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Research Letter to the Editor 75
Heterogeneity in asthma is evident at every aspect of the disease process. 1-3 76
Quantitative computed tomography(QCT) has emerged as a reliable, non-invasive 77 tool for assessment of proximal airway remodeling and air-trapping in asthma. 4 We 78 have recently identified three asthma clusters based on QCT indices using factor and 79 cluster analysis. 3 Subjects in clusters 1 and 3, with more severe asthma had distinct 80 patterns of proximal airway remodeling: cluster 1 showing a dilated right upper lobe 81 apical segmental bronchus(RB1) lumen with wall thickening and cluster 3 had no 82 wall thickening and markedly narrowed lumen. Subjects in cluster 2 had milder 83 asthma and there was lack of proximal airway remodeling. It remains elusive whether 84 airway structural changes reflect cause or effect; namely, are they a consequence of 85 asthma and represent different stages of disease progression or the distinct remodeling 86 changes that are fundamental to pathogenesis of asthma, representing distinct asthma 87 endotypes? 5 Our aim was to assess temporal pattern of proximal airway remodeling in 88 QCT-derived asthma clusters. 89
Some of the results of this study have been previously reported in the form of an 90 abstract. 6 91 92 Twenty-two patients with severe asthma of mean(SEM) disease duration 28.6(4) 93 years, who were in the placebo arm of a previous study 7 were included in the analysis. 94
All 22 patients had undergone two inspiratory thoracic CT scans to image RB1 and 95 further inspiratory and expiratory full thoracic CT scans as part of research studies at 96 our institute. 3,7 All CT scans were performed after administration of long acting β2-97 agonist. The mean(range) duration between the first(baseline) and second CT scan 98 was 1.6(0.9-2.7) years and between the second and third was 2.6(1.9-3.7) years. 99 5 QCT-derived asthma clusters were determined based on full thoracic paired 100 inspiratory and expiratory CT scans obtained at time point 3. 3 Only inspiratory scans 101
were used for the current analysis. Informed consent was obtained from all subjects 102 and the studies were approved by the Leicestershire, Northamptonshire and Rutland 103
Research Ethics Committee. Fully automated software, VIDA Pulmonary 104 Workstation, version 2.0 [VIDA Diagnostics, Coralville, Iowa] was used for 105 quantitative airway morphometry as described previously. 3 106 107 RB1 wall area(WA)/body surface area(BSA) demonstrated significant increase over 108 time (mean(SEM); first CT, 14.3(0.9); second CT, 14.7(0.9); third CT, 109 16.5(1.3)mm 2 /m 2 ; repeated measure ANOVA, p=0.008). No significant change was 110 seen in RB1 lumen area(LA)/BSA (mean(SEM); first CT, 9.1(1.0); second CT, 111 9.6(1.0); third CT, 9.9(0.9); repeated measure ANOVA, p=0.4). There was increase in 112 RB1 length at the time of third CT (mean(SEM); first CT, 11.3(0.8); second CT, 113 11.0(0.7); third CT, 13.1(0.6)mm; repeated measure ANOVA, p<0.01). The change in 114 RB1 WA/BSA (ΔRB1 WA/BSA =RB1 WA/BSA third CT -RB1 WA/BSA first CT) 115 negatively correlated with change in RB1 length, Pearson correlation, -0.5; p=0.03. 116
When the severe asthma subjects were split into previously described QCT-derived 117 clusters, 3 mean(SEM) change in interval normalized RB1 WA/BSA and LA/BSA 118 respectively was: Cluster 1(n=3), 3.6(0.8) mm 2 /m 2 /year, 1.7(1.1) mm 2 /m 2 /year; 119 Cluster 2(n=9), 1.0(0.5) mm 2 /m 2 /year, -0.02(0.4) mm 2 /m 2 /year; Cluster 3(n=10), - 
